Abstract Introduction: We aimed to assess changes in care coordination and health insurance coverage among US children with muscular dystrophy. Methods: We used 2005-2006 and 2009-2010 data from the National Survey of Children with Special Health Care Needs. We examined the distribution of sociodemographic and health characteristics of children with muscular dystrophy by survey cycle. Multivariable regression was used to calculate odds of not receiving effective care coordination, not having adequate health insurance coverage, receiving no help coordinating care, and having problems obtaining referrals in each survey cycle. 24-14.29) between the two periods. Conclusion: Our results suggest key health care needs for many families with children with muscular dystrophy have remained unmet for a prolonged period. Although there were significant improvements in health insurance coverage, nearly one-third of children with muscular dystrophy still had inadequate health insurance coverage in 2009-2010; it is likely that this situation has not changed much since then.
Introduction
Care coordination has many definitions 1 ; however, it is generally recognized as a multilevel, organized approach to care that links children and their families with necessary health services, health care providers/ professionals, resources, assistance, and communication. 2, 3 The US Agency for Healthcare Research and Quality defines care coordination as the deliberate organization of patient care activities between two or more participants (including the patient) involved in a patient's care to facilitate the appropriate delivery of health care services. 4 Coordinated care is recommended for children with special health care needs (CSHCN) because these children require more assistance with daily living activities and coordinated specialty care, 1 Vanderbilt University, USA 2 Centers for Disease Control and Prevention, USA as well as use health services more frequently than their peers without such needs. Coordinated care has been suggested to reduce unmet specialty care needs and limitations in activity/ body functions, particularly among CSHCN who are receiving such care in medical homes. [5] [6] [7] Studies have shown that the health care needs of CSHCN are consistently unmet due to multiple barriers that make it difficult for these children to obtain health care referrals, receive coordinated care services, and use medical homes, such as having inadequate health insurance. 5, [8] [9] [10] One subgroup of CSHCN is symptomatic children with muscular dystrophy (MD), which is a genetic disease characterized by progressive and irreversible skeletal muscle weakness and degeneration. 11 The major types of MD vary in severity, muscle groups affected, gene/mutation involved, and age of onset. 12, 13 In children, Duchenne and Becker are the most commonly inherited types of MD and mostly affect males, 2 with an estimated combined prevalence of 1.4 per 10,000 males aged 5-24 years in the United States (US). 14 Compared to other CSHCN, children with MD are more likely to report greater difficulties with functionality and self-care, and have family members who spend more time coordinating care, have financial problems, and have reduced or leaves from employment. 15 Among children covered by the same type of health insurance, health care expenditures for children with MD are about 13 times higher than comparable expenditures for children without MD. 16 Thus, effective care coordination could potentially alleviate these financial burdens on families of CSHCN in general 17, 18 and of CSHCN with MD in particular.
Currently, there is no cure for any type of MD. 19, 20 Therefore, it is important that children with MD have access to care, therapy, and treatments to improve their health and quality of life. Some studies have examined the effects of care coordination on health care needs, barriers to care, and disabilities among CSHCN 2, 3, [5] [6] [7] [8] 21 ; however, no study has examined care coordination specifically among US children with MD. This study examines changes in care coordination and health insurance coverage among children with MD in the US. We hypothesized that for these children, care coordination status and health insurance coverage adequacy have not changed, as one study analyzing health care utilization from 2005 to 2011 among CSHCN overall found quality and utilization of health care services did not improve over time. 8 Our paper will also address the major changes that have occurred in the past decade in the US health care system and how this may have had an impact on care coordination, specifically for US children with MD.
Methods

Study design and data source
Our study is based on two cross-sectional, populationbased surveys of US children. We used data from the National Survey of Children with Special Health Care Needs (NS-CSHCN), a complex, random digit-dial telephone-based survey conducted by the Centers for Disease Control and Prevention's National Center for Health Statistics. The NS-CSHCN includes information on CSHCN aged 0-17 years and their families from the non-institutionalized population in all 50 US states and the District of Colombia. General topics covered in the NS-CSHCN include children's health/functional status, health insurance (e.g., access to care and adequacy of coverage), care coordination, and family and financial impacts.
We 22, 23 The data included demographic characteristics, variables to determine CSHCN status, and interview data for all CSHCN. The parent or guardian most knowledgeable about the health status and care of the children in the household responded to the survey as a proxy for the participants.
The NS-CSHCN has been conducted three times (2001-2002, 2005-2006, 2009-2010) ; however, we only examined data from the latter two periods, which included questions about MD status, allowing us to examine children with MD as a stratum of the general CSHCN population using complex survey methodology. Each participant was interviewed after verbally consenting to the interview and being assured of confidentiality. 24, 25 For the 2005-2006 NS-CSHCN, the overall national weighted response rate for all children was 56.1%, but the proportion of interviews completed by children with special needs, once selected within a household, was 96.2%. For the 2009-2010 survey cycle, the national weighted response rates were 43.7% for the landline phone sample and 15.2% for the mobile phone sample (25.5% overall), but the combined proportion of interviews completed by children with special needs, once selected within a household, was 80.8%. 24, 25 More detailed information about data collection, survey design, and the questionnaires can be found elsewhere. 24, 25 
Description of variables
In the 2005-2006 survey, MD status was established by answering "yes" when asked "to the best of your knowledge, does your child currently have MD?" In the 2009-2010 survey, participants were asked whether their child ever had MD and if yes, whether their child currently had MD. For consistency, we defined children with MD in 2009-2010 as a "yes" response to the second question: "does your child currently have muscular dystrophy?" Our methods, as stated below, also considered that some survey participants answered the questionnaire in Spanish.
We assessed four outcomes: did not receive effective care coordination, had inadequate current health insurance coverage, received no help coordinating care, and had problems obtaining referrals. As predictor variables, we included several socio-demographic characteristics (i.e., sex, age, race/ethnicity, family income, and education level) and health-related characteristics (i.e., activity limitations, usual source for sick care, familycentered care, and current insurance type). All variables were used as prepared by the Data Resource Center. 22, 23 Effective care coordination was evaluated using the Child and Adolescent Health Measurement Initiative algorithm, which was part of a larger algorithm for evaluating the status of the care provided by medical homes. Details about this algorithm can be found elsewhere. 5 Effective care coordination was determined by affirmative responses to usually or always getting sufficient help coordinating care when needed and being very satisfied with communication among doctors and other health care providers, and among doctors and the child's school or other children programs when needed.
Adequacy of current health insurance coverage was determined by answers to the following questions: (1) Does the child's health insurance offer benefits or cover services that meet his/her needs? (2) Are costs not covered by the child's health insurance (out-of-pocket costs) reasonable? and (3) Does the child's health insurance allow him/her to see the health care providers he/ she needs? Health insurance coverage was considered adequate if the respondent answered "usually" or "always" to all three questions. 
Statistical analyses
We determined the weighted percent distributions of the selected socio-demographic and health characteristics among children with MD by survey cycle. Although the analyses were restricted to children with MD, all children in each survey were retained in the sample for the correct estimation of standard errors. We used Rao-Scott chi-square tests to assess the bivariate associations between survey cycle and the selected characteristics. We also determined the weighted percent distributions of the selected characteristics among children with MD who did not receive effective care coordination and those who had inadequate health insurance coverage by survey cycle. We used RaoScott chi-square tests to assess the bivariate associations between survey cycle and each characteristic among children with each outcome.
Using multivariable logistic regression, we estimated crude and adjusted odds of not receiving effective care coordination, having inadequate current health insurance coverage, receiving no help coordinating care, and having problems obtaining referrals among children with MD, comparing the 2009-2010 survey cycle to the 2005-2006 survey cycle. The models tested are depicted in Figure 1 . Before these estimations, we performed analyses of collinearity among all predictor variables to be included in our models. These variables include socio-demographic variables (sex, age, race/ ethnicity, family income, and education level) and health care-related variables (activity limitations, usual source for sick care, family centered care, and current insurance type). We used variance inflation factors to assess multi-collinearity in each regression model. Variables with high variance inflation factors (five or greater) were deemed redundant in our model. Finally, all non-redundant variables were included in a backward selection model in which only those yielding p values < 0.10 were retained in the final model. We use this conservative p value to account for multiple testing in each model. As a result, in addition to adjusting for sex, age, and race/ethnicity in each multivariable model, (1) the model for "did not receive effective care coordination" additionally adjusted for usual source for sick care, (2) the model for "had inadequate current health insurance" additionally adjusted for usual source for sick care and current insurance type, (3) the model for "received no help coordinating care" additionally adjusted for activity limitations, family-centered care, and current insurance type, and (4) the model for "had problems obtaining referrals" additionally adjusted for education level, familycentered care, and current insurance type.
Due to the increased number of cell phone users in 2009-2010, both the state location of the participant and the sampling type (landline or cell phone) were considered as strata in the sampling design to obtain unbiased variance estimations. Interview weights were applied to generalize the findings to CSHCN aged 0-17 years to the non-institutionalized US population. P v alues < 0.05 were considered statistically significant except when otherwise noted (e.g., backward selection procedures). All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Sensitivity analyses
We examined two methodological concerns using subsequent models. First, in previous studies, either the number of CSHCN were under-reported 26 or the number of MD cases were over-reported 15 by
Hispanics who answered the survey in Spanish. We confirmed this over-reporting of MD in our data. Thus, we compared all models listed in Figure 1 before and after excluding participants who answered the survey in a language other than English. Second, only for model 2 shown in Figure 1 , we conducted a secondary analysis that compared models with and without current insurance type to explore the possibility of collinearity between inadequacy of health insurance and current insurance type. In both survey cycles, public health insurance was the most common type of insurance and the group of children with MD who did not receive effective care Adequate current health insurance coverage was determined by having responses of "usually" or "always" to having health insurance that covers services, had reasonable out-of-pocket expenses, and allowed child to see needed health providers. Table 2 ). Among children with MD who did not receive effective care coordination, bivariate analyses showed no statistically significant differences between the two survey cycles for the following characteristics: sex, age group, race/ethnicity, family income, activity limitations, usual source for sick care, whether the child received family-centered care, and current insurance type. However, highest education level and family structure were statistically, significantly associated with survey cycle (p < 0.05). Among children with MD who had inadequate current health insurance coverage, many (64.7%) did not receive family-centered care in 2005-2006; however, many (58.0%) did receive family-centered care in 2009-2010 (Table 2 ). There were no statistically significant differences between the two survey cycles for the following characteristics: sex, age group, race/ethnicity, activity limitations, usual source for sick care, whether the child received family-centered care, and current insurance type among children with MD who had inadequate current health insurance coverage. Family income and highest education level were statistically, significantly associated with survey cycle (p < 0.05).
Results
Characteristics of children with MD
Changes in care coordination and health insurance coverage
Multivariable regression analyses listed in Figure 1 showed that the unadjusted associations between survey cycle and the four outcomes of interest (not receiving effective care coordination, having inadequate current health insurance coverage, receiving no help coordinating care, and having problems obtaining referrals) were not statistically significant ( 
Sensitivity analyses
In the "Methods" section, we listed two concerns to be addressed in the analyses: the first concern was that, compared to Hispanics who answered in English, Hispanics who answered the survey in Spanish overreported their cases of MD. After excluding the participants who answered in a language other than English, we found similar results to those when all participants were included (Supplemental Table A ). The only notable difference was that the adjusted association between inadequate current health insurance coverage was slightly higher (aOR ¼ 0.45) and lost statistical significance (95% CI, 0.19-1.09). The odds of receiving no help coordinating care were still higher in 2009-2010 than in 2005-2006, but the confidence intervals became much wider after the exclusion. Given the large difference between the unadjusted and adjusted odds for the coordinated care variable, we tested all combinations of variables to find the variable most strongly associated with these odds, which was family-centered care. After excluding this variable from the model for "received no help coordinating care," the aOR changed from 4.22 (95% CI, 1.24-14.29) (Table 3 ) to 1.92 (95% CI, 0.74-4.96) (Supplemental Table B ). The second concern was that due to the potential correlation between inadequate current health insurance coverage and current insurance type, the adjusted association tested with the model for "had inadequate current health insurance" could be unreliable. We repeated the modeling excluding current insurance type from the predictors, and the result was no longer statistically significant (Supplemental Table B ). The new aOR was 0.50 (95% CI, 0.22-1.17) compared to 0.41 (95% CI, 0.18-0.93) from our original model.
Discussion
The results from our study indicate that care coordination status among children with MD aged 0-17 years in the US did not change from one survey to the next. We found no statistically significant changes in the propor- Inadequate current health insurance coverage was determined by having responses of "never" or "sometimes" to having health insurance that covers services, had reasonable out-of-pocket expenses, and allowed child to see needed health providers. More than half of children with MD did not receive effective care coordination in both periods, and children with MD had significantly higher adjusted odds of having families that received no help coordinating care when needed in 2009-2010 than in [2005] [2006] . These findings suggest that there is potential for improvement in the delivery of effective care coordination among children with MD. For example, one tool that can aid in improving this delivery is the use of electronic personal health records. 18, 27 According to the American Academy of Pediatrics, electronic personal health records can increase the availability of information and the exchange of data, can improve communication between families and health providers, and can improve quality of pediatric health care, particularly for CSHCN. 28 Our finding of improved health insurance coverage adequacy among CSHCN with MD is consistent with another study that found minor but statistically significant improvements in health insurance coverage among CSHCN from 2001 to 2009-2010. 29 One possible explanation for the statistically significant improvements in health insurance coverage may be attributed to the Children's Health Insurance Program Reauthorization Act of 2009, which increased funding for states to expand coverage to more children. 30 Because the implementation of this act started shortly before the data for the second period of our study were being collected, a more likely explanation is that the 2009-2010 sample had more educated parents and an increased number of participants with public insurance. As mentioned by a previous study, public insurance is more affordable than private insurance and may offer more benefits for services that meet the needs of CSHCN. 29 We also found that a large proportion of children with MD in the US who did not receive effective care coordination were also not receiving family-centered care, although there are known benefits of familycentered care. One systematic review found that family-centered care among CSHCN significantly improved functional outcomes, quality of life, care satisfaction, doctor-patient partnerships, access to care, and family-provider communication. 31 In 1987, the US Department of Health and Human Services released a Surgeon General's report on CSHCN, urging a family-centered, community-based approach to health care. 32 Thus, the Title V Maternal and Child Health Services Block Grant Program was created in 2010 to provide family-centered, community-based care for Inadequate current health insurance coverage was determined by having responses of "never" or "sometimes" to having health insurance that covers services, had reasonable out-of-pocket expenses, and allowed child to see needed health providers. d Adjusted odds ratio for "did not receive effective care coordination" adjusted for sex, age group, race/ethnicity, highest education level, familycentered care, and current insurance type. e Adjusted odds ratio for "had inadequate current insurance coverage" adjusted for sex, age group, race/ethnicity, usual source for sick care, and current insurance type. f Adjusted odds ratio for "received no help coordinating care" adjusted for sex, age group, race/ethnicity, activity limitations, family-centered care, and current insurance type. g Adjusted odds ratio for "had problems getting referrals" adjusted for sex, age group, race/ethnicity, and usual source for sick care. *p < 0.05.
CSHCN, among other goals. 33 Our results support these efforts toward coordinated, family-centered care for CSHCN.
Despite the strength of having a nationally representative sample, our study has several limitations, including the low overall response rates for the surveys, which were somewhat compensated by the high response rate among participants with CSHCN. The combined number of children with MD in both survey cycles was only 252. In consequence, the unweighted number of children with MD was less than 10 for many categories after stratification, limiting the interpretation of the results for these cells; however, we included all unweighted numbers for all cells in our tables for transparency. Another limitation is that our sample of children with MD came from a larger sample of noninstitutionalized CSHCN; therefore, our weighted population estimates may differ from other studies of children with MD sampled from the general population of US children. Additionally, we were unable to examine more recent data regarding CSHCN with MD and coordinated care because the NS-CSHCN was no longer conducted as a separate survey after 2009-2010. The NS-CSHCN was integrated into the National Survey of Children's Health in 2016, and this survey did not include questions about MD. 34 Moreover, phone coverage bias could be present in our study due to the increased use of cell phones over landlines; although, unlike the 2005-2006 survey, the 2009-2010 survey included cell phones in the sampling scheme along with land lines to reduce this bias. Finally, it is possible that the number of cases of MD is misrepresented in our study for two reasons. First, the diagnosis was reported by parents over the phone and, besides the potential for recall bias, the diagnosis was not validated by medical records or clinical examination. Second, MD is a rare disease and education or access to health care may influence the accuracy and timing of the diagnosis reported. For example, the diagnosis of MD is often delayed among children until the age of five years, but informed parents or pediatricians may notice signs of the disease at earlier ages and seek the proper referral for a diagnosis. 35 Despite the limitations, our study is the first to examine the possibility of changes over time in care coordination and adequacy of health insurance coverage among a representative sample of CSHCN with MD in the US. A recent comprehensive report issued by three professional medical associations in the US, including the American Academy of Pediatrics, claims that data from national surveys of the last 20 years have shown that most youth and young adults with special health care needs do not receive the support they need for a successful transition to adult care. 36 These claims are not specific to MD or coordinated care, but children with MD are part of the group included in the report, and coordinated care is a key part of this transition in care. In 2010, the US government enacted the Affordable Care Act (ACA) expanding insurance coverage, enhancing the range of services covered, and changing the structure of payments and incentives in the country. The effect of this law on the health care of CSHCN could be limited because it was aimed mostly to adult care. However, it may benefit children indirectly-the ACA was based on a 2006 law enacted by the state of Massachusetts and the effects of this local law on the care of CSHCN were examined in a study using data from the NS-CSHCN, 37, 38 which found that the effects of the new law on the health care of CSHCN were rather modest. Therefore, we can say that it is likely that our study still has relevance for the current population of US children with MD.
In conclusion, the findings from our study are informative for all stakeholders involved in the care of children with MD, particularly organizations and individuals in charge of implementing coordinated care among these children, their relatives, and their caregivers. In both NS-CSHCN survey cycles (2005-2006 and 2009-2010) , more than half of children with MD did not receive effective care coordination, with no statistically significant changes between the two time periods, suggesting that the needs of many families with CSHCN, especially families with children with MD, have not been met for a prolonged period. Care coordination for children with complex needs can be improved by expanding access to community support services, implementing electronic personal health records, and providing more family-centered care. Furthermore, although our study found improvements in health insurance coverage adequacy, nearly a third of children with MD still reported having inadequate health insurance coverage in the most recent survey cycle. Deficits in coordinated care could negatively affect the health and quality of life of CSHCN, specifically of children with MD.
